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The Role of Zinc in PSD-95 Palmitoyl Modification and NMDAR surface expression.
Luis Acosta, Lili Guerra, Safiya Syed, Ivonn Ruvalcaba, Yonghong Zhang & Xiaoqian Fang
Abstract
NMDA receptor in an excitatory ligand gated ion channel present in the neurons of the central
nervous system. Zinc and calcium ions are an important part of synaptic transmission and
disruption of these can be seen in neurological diseases. PSD95 is a major protein involved in the
stability of NMDAR at the synapse. This protein can be palmitoylated and de-palmitoylated, a
process which is thought to be regulated by Zinc. The exact mechanism of how Zinc is involved
in the stability (palmitoylation) of the PSD95 and indirectly, the NMDA receptor, is unclear and
will be investigated in our research.
Our hypothesis is that Zinc de-palmitoylates PSD95 which leads to the surface reduction of the
NMDR. We will be using HEK293 (human embryonic kidney 293 cells) and transfect them to
express NMDAR and PSD95. PSD95 palmitoylation by zinc will be assayed using acylbiotinylation exchange (ABE) and parallelly NMDA receptor expression will be assayed using
biotinylation assay and immunochemistry.
Introduction
NMDA receptor
N-methyl-D-aspartate (NMDA) receptor is an ionotropic glutamate receptor which plays an
important role in learning and memory. Glutamate is the major excitatory neurotransmitter in the
central nervous system. Altered NMDAR receptor function and/or expression is seen in many
neurological diseases such as Alzheimer’s, schizophrenia and dementia. (1)
NMDA receptor is a nonspecific cation channel that is activated by glutamate or glycine. Ca2+
flux through this channel is an important mechanism involved in neuroplasticity. Neuroplasticity
is the basis for learning and memory, which occurs through long term potentiation (LTP) or
long-term depression (LTD). LTP refers to the strengthening of a synapse, while LTD means the
weakening of a synapse. Overactivation of the NMDA receptor leads to excessive Ca2+ flow
into the cells, which can cause excitotoxicity and thus cell death. Neuronal excitotoxicity is
involved in some neurodegenerative diseases. On the other hand, lowered function of NMDA
receptors in some pathological conditions can impair neuroplasticity (2).
The NMDA receptor is a heterotetrametric protein. The four subunits of the NMDA receptor are
usually two GluN1 and two GluN2 units or GluN3 in some forms. There is only one form of
GluN1, but many different isoforms of GluN2 and GluN3 (3).
PSD-95
PSD-95 is a scaffolding protein from the membrane associated guanylate kinase family
(MAGUK). PSD-95 regulates the membrane localization of NMDA and AMPA receptors and
interacts with potassium channels. Thus, it is crucial for synaptic stability and plays an important

role in development and neuroplasticity. Like other proteins of the MAGUK family, PSD-95 has
3 PDZ domains, and guanylate kinase (GK) domain and an SH3 domain (4).
Palmitoylation
Palmitoylation is a common post translational modification. It is a type of lipid modification and
refers to the attachment of a palmitoyl group (a carbon chain) to a cysteine residue, or in some
cases a serine or threonine residue on a protein (5). Palmitoylation is reversible and is important
in localization of several proteins involved in signaling, cytoskeleton and synaptic scaffolding
proteins including PSD-95 (6). Research has shown that palmitoylation and depalmitoylation of
PSD-95 is important in synaptic plasticity. PSD-95 is involved in the membrane localization of
the NDMA receptor (7). Zinc is thought to interact with PSD-95 but the mechanism of zinc
regulation on PSD-95 palmitoylation and by extension on NMDA receptor localization is unclear
and will be investigated in our research.
Materials and Methods
HEK-293 cells culture
Human embryonic kidney-293 or HEK-293 cells were cultured for use in our experiment. Frozen
HEK-293 cells recovered and cultured in a petri dish and incubated for 24 hours or more to reach
at least 90% confluency. The HEK-293 were grown in complete media containing FBS, DMEM
with high glucose and Anti2. The HEK-293 cells were split into 5x 60 mm cell culture dishes for
use. The 60mm dishes were coated with Poly-D-lysine prior to plating to facilitate cell
attachment. Cell suspension containing 2x106 /mL cells was added to each of the dishes. The five
cell culture dishes were used for zinc treatment in the later steps and were labeled 1-5.
Transfection
The five HEK-293 cell culture dishes were transfected with NMDA receptor subunit plasmids
GluN1 plasmid (NR1) and GluN2 plasmid (NR2A), and PSD-95 plasmid, this will allow
expression of NMDA receptor and PSD-95 protein. The HEK-293 cells were plated 18- 24 hours
before transfection. For each dish, the following amounts of DNA plasmids were added: a. PSD95: 0.375 ug, b. NR1: 1.2 ug and c.NR2A: 3.6 ug.
LipoD293 is a transfection reagent optimized for mammalian cells that was added to the cell
dishes to aid in the transfection process. The LipoD293 mix was prepared with DMEM and
LipoD293, and this mixture was added into the DNA mix containing DMEM and the appropriate
amount of plasmids for 5 plates to prepare the LipoD293/DNA mix. 500 uL of LipoD293/DNA
mix was added to each 60mm cell dish and incubated for 5 hours. After 5 hours, the cell media
was replaced with filtered fresh complete media containing 5mM AP5. AP5 is a selective
NMDAR antagonist that competitively inhibits the glutamate binding site on the NMDA
receptor. The cell dishes were incubated for 48 hours.
Palmitoylation and zinc treatment

50 ml of Lysis buffer (LB) was prepared with the following reagents: 3 ml of 2.5M NaCl, 2.5 ml
of 1M Tris-HCl, 0.5 ml of 0.5M EDTA and 44 ml H2O.
Fresh 25% 2M N-ethylmaleimide (NEM) solution was prepared using 20 mg NEM in 80ul 100%
ethanol.
500 ul of LB containing 2% SDS and 25 mM NEM was prepared using the following reagents:
6.25 ul of 2M of NEM, 384 ul LB, 100ul of 10% SDS, 5 ul 1X PI and 5 ul of 1X PMSF. The
solution was stored at room temperature for later use.
The five 60mm dishes were treated with zinc using 0.1 mM ZnCl2 and incubated for varying
times, as per to the following table:
60 mm dish

Solution added

Time of
Volume added (ul)
incubation (min)
1
Control, PBS
5
4 ul
2
0.1 mM ZnCl2
5
4 ul
3
0.1 mM ZnCl2
10
4 ul
4
0.1 mM ZnCl2
15
4 ul
5
No treatment – SDS
After treatment the cell dishes were incubated for their respective times and then placed on ice to
stop the action of zinc. The cells were scraped out and collected in 1.5 ml tubes and centrifuged.
The cell pellet was lysed in the LB/NEM solution. The proteins in the cell lysate were
precipitated using Chloroform Methanol.
SDS-PAGE and Western blot was performed with the cell samples to detect NR1, NR2A and
PSD-95 expression in cells.
Results and Discussion
Our preliminary data has shown that zinc treatment decreases the amount of palmitoylated PSD95 in cells. We expect that zinc leads to de-palmitoylation of PSD-95 which increases NDMAR
endocytosis leading to a decrease in NMDA receptors at the synaptic membrane. Due to a
miscalculation in amount of DNA plasmids needed, our cells did not express enough of our
proteins to be detected on the western blot. We repeated our experiment with the correct amounts
of plasmid, which yielded following western blot. We will be repeating our experiment with the
same procedure but with increased concentration of primary antibody for all proteins and
increased concentration of secondary antibody for NR2A N-terminal to detect the protein.

Figure 1. Western blot.
Figure 1. Western blot. PSD-95
showed a band at the appropriate
MW. NR1 showed weak signal. NR2A
c-term. did not show a band at the
expected MW. NR2A N-term did not
show any signal.

Once the desired protein expression is attained, we will be doing further experimentation to
determine the effect of zinc on the amount of NMDA receptor expressed on cell surface using
surface expression assays. We will also be using H24A, H28A and a double mutant of PSD-95
protein to investigate how the mutation affects its interaction with zinc and NMDAR.
A better understanding of the NMDA receptor and its regulation by zinc and PSD-95 can be
crucial for developing treatments for diseases that involve impairment of proper NMDAR
function.
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